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CKM Matrix

Coupling between up-like quark g and
down-like quark g’ isproportional toVqq
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V Iisunitary and is parameterized by
3 angles and a phase.
A nonzero phase gives CP violation.



Wolfenstaein Par ameterization
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BOBO Mixing
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The BY BC mix to form mass eigenstates
(B, and By ).

Amyg=my - m; =0.464 £ 0.018 ps?
[ =0.641 + 0.016 pst

Ar=Iy-T (=0

P(B° - B°)=;re"(1-cosAm,t)
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CP violation comes from interference
of two amplitudes.
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CP Asymmetry

dN(B® - J/yK )
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The CP asymmetry is
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Thetimeintegrated CP asymmetry is
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Previous M easur ements

Opal (January, 1998)

D. Ackerstaff, et al., Euro. Phys. Jour. C5,
379(1998) 113

U sn2B=32 ,(stat) £ 0.5 (syst)

[] from~14B - J/Y Kgdecays

CDF (June, 1998)

F. Abe et al., PRL 81, 5513 (1998)

[ sin23=18%1.1(stat) £ 0.5 (syst)

[] from 200 B - J/Y Kgdecayswith
precise lifetime infor mation, but only
one flavor tagging method.

[ included in this measur ement

Indirect (from sin B¢, Amy, Amg, and gy )
S. Mele, CERN-EP-98-133 (1998)
[1 sin2B3=0.75+0.09



CDF
Detector

.4— Silicon Vertex Detector

INTERACTION POINT

110 pb! of pp data at Vs=1.8 TeV at
Fermilab Tevatron

| mportant Aspects:
[1 Silicon vertex detector -
Typical 2d vertex error is60um
[1 Central tracking chamber -
Typical J/Y Kgmassresolution is10 MeV/c?
[1 Muon systemsand calorimeters -
Triggering and lepton identification




Analysis Overview

primary

[1 SST: same-side charged hadron tag
[1 SLT: opposite-side soft eor utag

[1 JETQ: opposite-side jet chargetag



Event Salection

0 I - gy
2 opposite sign central tracks +
matching muon chamber track

0 Kg - 11T
2 opposite sign central trackswith
a displaced vertex (L, > 50).

[ Fitthe4trackstoB - J/Y Kg

e TU'TT constrained to Kg mass.
Kgvertex pointsto B vertex.
L*U- constrained to J/Y mass.
B vertex pointsto primary vertex.
Require good fit quality.



Event Yield

CDF preliminary

events
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[1 395+ 31 events
[1 Most background isat small decay
lengths
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CDF preliminary

A bOUt 200 e\/er]ts have 100 B® _ JpK®

both muons in SVX

events

202 + 18 events

both muonsin the i

silicon vertex detector
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About 200 eventshave = 193 20 everts
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Explanation of €D?

Let A bean asymmetry given by
A= N, —N_
N, +N_

Suppose the measured asymmetry Is
A, = DA (D isknown asthedilution).

Theerror on Ais

_\1-D?A? _J/1-D?A? 1
A7 DN (EDIN AT e

tag

eD? givesthe statistical power, that is, N real
events are equivalent to eD2N perfect events.
For example,
[ If background fraction isfgg, Dgg = 1- fgg
L If mistag probability isf, Dyjgag = 1- 2



Soft Lepton Tag

L ook for semileptonic B decay opposite
to J/Y Kg

Electron: central track that matches
cluster in electromagnetic calorimeter
(Pt >1GeV/c)

Muons. central track matched to stub
In muon chambers (Pt > 2 GeV/c)

Use B* - J/P K* eventsto calibrate



Calibration of SLT Tag

” 7CDF prellmlnary | | SLT tagglngi
% 14; L J/LIJK_ mistag fraction: (18.8i 7.3)% é
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Jet Charge Tag

e |dentify oppositeside B by B jet

(b - B+jet)

e Tracksareclustered using an invariant
mass algorithm (cutoff of 5 GeV/c?)

e Sum chargesweighted by Pt and
Impact parameter

quTi(Z_Ti)
— tracks
Qjet ZPTi(Z_Ti)
tracks

where T isthe probability thetrack came
from the primary vertex (small for B
daughters)

o -1SQjetS1 _
Qjet > 02000 B-J/WKg
Qjet <-02001 B-JWKg
| Qjet [<0.2000 notag

e UseB* - J/Y K* eventsto calibrate



Calibration of JETQ Tag

s CDF preliminary JETQ tagging
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Same Side Tag

e Thechargeof hadronsnear B’sare
correlated with thetype of B at
production dueto

Fragmentation Excited States
T[+
u u
. >
d ) X a,
d B
> Bo d >
- > >
b b
fragmentation viaB~

e |f morethan onecharged hadronis
closetothe B, the onewith the lowest
transver se momentum to the B is used.
e Uselepton-D eventsto calibrate



Calibration of SST Tag

0.60

0.40 - lepton + D° B - | 'D°

020 gt t====3 3000 events

ocool—mt—u— — 1
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B*: D, =0.27 + 0.03 (stat) + 0.02 (syst)

BY% Dy=0.18+ 0.03 (stat) + 0.02 (syst)
e=65+1.0%

P2=21+05%



Results

An unbinned maximum likelihood fit
Isdoneto the signal, prompt background,
and long-lived background, including terms
for lifetime, mass, and tagging efficiency.

| +0.41
sin 23 =0.79 .0.44 (stat. + syst.)
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Systematic Errors

Separ ating the statistical and systematic
errorsgives

sin 2B = 0.79 + 0.39 (stat) + 0.16 (syst)

Summary of systematic errors.

Parameter o sin 23
Tagging dilution 0.16
Tagging efficiency

Amg 0.01

Tgo 0.01

Mg 0.01
Trigger bias negligible
K| regeneration negligible




Limits

We measure:

+0.41
sin 203 = 0.79_0 14 (

(Note: this result is with Am 4 constrained to the world average.)

stat. + syst.)

25
2:\

A scan of the

likelihood function:

_—log(likelihood)

0.5F

0.4 0.6 0.8

Feldman-Cousins frequentist: e

e 0 <sin28 < 1at93% CL

Bayesian (assuming flat prior in sin 23)
e 0 <sin26 < 1at95% CL

Assume sin 23 = (
integrate Gaussian from 0.79 — oo:

e Prob(sin25 > 0.79) = 3.6%



p-1n Plane
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CDF

In going from sin 23 = (3 pick up a fourfold
ambiguity:

e two solutions for p < 1,7 > 0 (shown)

sin2P

e two solutions for p > 1,7 < 0 (not shown)

The solid red lines are the 10 bounds, which

account for the two possible values for 3 in the
region n > 0.



Future M easur ement
of sin 23

Run |l to start in early 2001

e x20integrated luminosity (20 fb-1)

e Increased vertex detector coverage

e 25% Iimprovement in muon and
trigger efficiency

We expect ~10,000 B® J/P K 5 events

B sin2B<0.08

|n addition, we plan to
o AddJ/p - et e
e Further increase muon coverage
e |Improveflavor tagging
(e.g., time-of-flight )



Conclusions

From 110 pbl of pp dataat Vs=1.8TeV,
CDF hasisolated about 400 B® J/y K g decays.

Using 3 flavor tagging methods and a
maximum likelihood fit, we have deter mined

+0.041

sin 28.=0.79" 54

(stat+syst)

O<sn?2B<1 at 93% CL

In Run I, we expect to measure sin 23 to
a precision of at least 0.08.



